Study design: Cross-sectional survey Objectives: To assess the prevalence of substance use in young adults with pediatric-onset spinal cord injury (SCI) and its relationship with demographic factors, and medical and psychosocial outcomes. Setting: Young adults living in the United States who received pediatric SCI care at one of three SCI programs at the Shriners Hospitals for Children. Methods: Individuals aged 21-25 years who had sustained SCI before the age of 19 were interviewed with a structured questionnaire including standardized outcome measures: FIM, Satisfaction with Life Scale (SWLS), Short-Form 12 Health Survey (SF-12), Patient Health Questionnaire-9 (PHQ-9) Depression Scale, and Craig Handicap Assessment and Recording Technique (CHART). Results: Sample included 215 individuals with a mean age at interview of 23.3 (s.d.¼0.9) years and mean age at injury of 13.2 (s.d.¼4.9) years. In all, 24% had a college degree, 36% were employed and 12% were married. Regular substance use was reported by 28% for tobacco, 55% for alcohol and 11% for marijuana. Tobacco use was associated with depressive symptoms and unemployment; alcohol use was associated with having a college degree, single status and independent mobility; and marijuana use was associated with not having a college degree. There were no significant associations between substance use and injury-related factors or life satisfaction. Conclusion: Substance use in young adults with pediatric-onset SCI was associated with factors such as education, employment, marital status and depressive symptoms. Clinicians caring for youth with SCI should counsel patients and caregivers regarding the use of substances and potential associations with outcomes in adulthood.
INTRODUCTION
Substance use is known to contribute to the onset of spinal cord injury (SCI) as well as to affect outcomes following SCI. 1 Alcohol and drug intoxication rates range from 25 to 53% of the traumatic incidents leading to SCI. 2 The prevalence rates of alcohol use in persons with SCI have been reported to be 50-90% depending on age or time since injury, whereas prevalence of marijuana use has been reported to be 16-26% depending on age, duration of injury or presence of pain. 3, 4 Cigarette smoking in veterans with SCI ranges from 18 to 22% and has been associated with alcohol use and depression. 5 These prevalence rates are comparable to those reported for the general population. The National Health Interview Survey of 2009 reported 52% of adults age X18 to be regular drinkers and 21% of adults as current cigarette smokers, with the prevalence of both substances decreasing with increasing age, whereas higher education level was positively associated with alcohol use and negatively associated with cigarette smoking. 6 Long-term use of substances in individuals with SCI can lead to increased incidence or worsening of SCI-related complications such as pressure ulcers, urinary tract infections or pulmonary dysfunction, as well as psychological problems including depression, anxiety, and substance dependency and abuse. 1 The majority of the literature on substance use in SCI is focused on adults, many of whom have sustained their injury after the age of 18, and thus, may cope with their SCI differently than those injured as a child or adolescent. Individuals who have sustained a SCI in youth are unique in that the injury affects the development of both physical and psychological maturation, and they must live with their disability and associated complications for a longer duration of time relative to the adult-onset SCI population. 7 As these children and adolescents progress into young adulthood, their physical disability can inhibit integration with peers, leading to social isolation and withdrawn and depressed mood, which may lead to the use of substances as a method of coping with such problems. Also, as in the general population, increased independence in decision-making that accompanies progression into adulthood can lead to new challenges and experiences, including experimentation with substances, which may be habit-forming. On the other hand, owing to their SCI, these individuals most likely have been followed closely by healthcare providers since childhood, and thus may be relatively more health-conscious compared with their able-bodied peers and possibly incorporate positive methods of coping with their disability.
The purpose of this study was to assess the prevalence of substance use in young adults with pediatric-onset SCI and to determine demographic and injury-related factors as well as the outcomes associated with substance use in this population. We focused on the age group between 21-25 years, as this is a time in which individuals experience profound change, exploration of possible life directions and decision-making that has lasting implications. Risk behaviors, such as substance use, also peak in the early 20s as a result of decreased parental monitoring and exploration of new and different identities. 8 Based on the literature reviewed and the unique circumstances of maturing into adulthood with a disability, we hypothesized that (1) the prevalence of substance use would be lower than that of the age-matched general population and the adult-onset SCI population; (2) the prevalence of substance use will differ depending on demographic and injury-related factors (that is, education, marital status, level and completeness of injury) and the presence of SCI-associated medical complications (that is, pain, urinary tract infections, pressure ulcers, and spasticity); and (3) the substance use may be associated with poor psychosocial outcomes, less participation and decreased life satisfaction.
METHODS Participants
This cross-sectional study used the data collected through annual telephone interviews from individuals enrolled in a larger longitudinal outcome study of adults with pediatric-onset SCI. Participants were individuals who had sustained a SCI before age 19 and were between 21 and 25 years of age at the time of interview. These individuals had been former patients at one of the three pediatric SCI specialty programs at the Shriners Hospitals for Children: Chicago, Philadelphia and Northern California.
Instruments
A structured questionnaire was used to collect demographic information including age, gender, race, education, marital and employment status, as well as information on medical complications encountered during the previous year. Injury-related information and medical history were obtained through medical chart reviews and the hospital system's SCI database. The following information was obtained regarding substance use: current use, frequency of use and type of substance (tobacco, alcohol, marijuana, cocaine or other illicit drugs). Frequency of use was categorized as daily, weekly, monthly, yearly or never.
Standardized measures were included to assess outcomes. Functional status was measured with the motor and socio-cognitive scores of the FIM. (The service marks and trademarks associated with the FIM instrument are all owned by the Uniform Data System for Medical Rehabilitation, a division of UB Foundation Activities, Inc. ('UDSMR'). The use of the FIM instrument to collect data for this research study was authorized and conducted in accordance with the terms of a special purpose license granted to Licensee by the Uniform Data System for Medical Rehabilitation, a division not been processed by UDSMR. The patient data collected due the course of this research study has UDSMR. No implication is intended that such data has been or will be subjected to UDSMR's standard data processing procedures or that it is otherwise comparable to data processed by UDSMR.) 9 Health status was assessed with the physical and mental component scores of the Short-Form 12 (SF-12), which measures the individual's perception of health, with higher scores indicating greater perceived health. 10 Global life satisfaction was assessed with the Satisfaction with Life Scale (SWLS), which consists of five statements to which individuals rate their degree of agreement on a scale of one (strongly disagree) to seven (strongly agree), with higher scores reflecting higher life satisfaction. 11 The Patient Health Questionnaire-9 (PHQ-9) was used to assess depressive symptoms in participants and is comprised of nine statements that reflect the diagnostic elements of depression as given in the Diagnostic and Statistical Manual, Fourth Edition. 12 The Craig Handicap Assessment and Recording Technique (CHART) was used to assess community participation and consists of six separate subscales of physical independence, cognitive independence, mobility, occupation, social integration and economic selfsufficiency. Each subscale has a maximum 100 points, with higher scores indicating higher community participation. 13 
Data analyses
Substance use was classified as 'regular use' if frequency of use was reported as monthly, weekly or daily use and 'no use' if frequency of use was yearly or never. w 2 test was used to examine relationships between substance use and categorical variables. Relationship between substance use and continuous variables were examined with the Mann-Whitney U test. Stepwise logistic regression analyses were then conducted on each of the substances controlling for variables significantly associated on bivariate analyses to determine independent factors predictive of substance use. Although use of cocaine or other illicit drugs were inquired, only one participant responded positive to use, and thus analyses were conducted for tobacco, alcohol and marijuana.
Statement of ethics
This study was approved by the Institutional Review Board at the three Shriners hospitals and is registered in a public access database at www.clinicaltrialsgov. We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.
RESULTS

Descriptive characteristics
Demographic and injury-related characteristics are summarized in Table 1 . Of the 215 participants, 58.5% were male, 85.1% were Caucasian and 51.6% had tetraplegia. Mean age of participants was 23.4 ± 0.9 years, and mean age at injury was 13.2 ± 4.9 years, with 25.6% of the participants sustaining their injury before the age of 13. Prevalence rates of regular substance use were 27.9% for tobacco, 55.4% for alcohol and 10.7% for marijuana (Table 2) . These rates are considerably lower than the age-matched general population, which were reported to be 35-45% for tobacco, 78-82% for alcohol and 30-32% for marijuana. 14 However, our participants' substance use prevalence rates were similar to that reported for adult-onset SCI population, 3, 4, 15 with the exception of higher prevalence of tobacco use compared to the 16-22% reported for the adult-onset SCI population. 5, 16 Substance use and demographics, injury-related factors and medical complications Tobacco use was higher in participants who were unemployed than in those who were employed either full-or part-time (38 vs 21%) ( Table 3) . Alcohol use was higher in participants who were Caucasian (60 vs 26% non-Caucasian), had a college degree (80 vs 47% no college degree), were employed (70 vs 45% unemployed), had higher annual income (44%, o$10 000 vs 65%, $10 000-29 999 vs 77%, greater than $30 000), were single (59 vs 31% married) and able to drive independently (67 vs 35% cannot drive independently). Marijuana use was more prevalent in males (14 vs 6% female) and in those without a college degree (13 vs 2% college degree). While the number of individuals living with a parent or guardian was significantly greater for those with tetraplegia (58 vs 37% paraplegia), there was no significant difference in the prevalence of substance use between those living independently and those living with a guardian. There were also no significant associations between the substance use and any injury-related factors such as level, severity or duration of injury. Associations with medical complications revealed that individuals with regular alcohol use had significantly lower incidence of urinary tract infections (64 vs 82%) and chronic medical conditions (11 vs 22%) compared with individuals with no use. There were no significant associations between substance use and any of the other medical complications investigated.
Substance use and standardized outcome measures Tobacco use was significantly associated with depressive symptoms (Po0.05), whereas alcohol use was associated with higher Substance use in adults with pediatric-onset SCI M Hwang et al socio-cognitive independence (Po0.01), better perceived physical health and increased community participation (Po0.05). Marijuana use was not associated with any outcome measure ( Table 4) .
Predictors of substance use
Logistic regression results indicate that both employment status (that is, unemployment) and the presence of depressive symptoms contribute independently to tobacco use (Po0.05) ( Table 5 ). Among the variables associated with alcohol use, having a college degree (Po0.05) and being single were found to contribute most in predicting regular alcohol drinking (Po0.01), while independent mobility (Po0.01) was also a significant predictor for use. For marijuana use, male gender dropped out of the regression model, leaving only college degree as a predictor, such that those with a college degree were less likely to use marijuana (Po0.05).
DISCUSSION
To our knowledge, this is the first investigation regarding substance use in individuals who had sustained a pediatric-onset SCI. In our study population of young adults, we found the prevalence rates of substance use to be considerably lower than that reported for the agematched general population. 14 Potential reasons for this difference may include participants having limited access to substances, either as a result of infrequent outings for purchase or limited functional ability to actually use the substances or increased monitoring by caregivers. It is important to note, however, that significant differences in substance use between those who live independently and those who live with a parent or guardian and between those with tetraplegia and with paraplegia were not found ( Table 3 ). The participants were of legal age capable of making one's own decision, and thus substance use was most likely the result of the individual's choice to use, with level of injury or caregiver monitoring being less of a contributing factor. The presence of common SCI-related complications (for example, pressure ulcers, urinary tract infections) can also reduce the possibility of using substances, as smoking or drinking may impede healing or aggravate symptoms. Alternatively, it is very likely that our participants were followed regularly by healthcare professionals as they matured into adulthood, 17 and thus may have relatively more health-conscious behavior, which would lessen the possibility of using potentially harmful substances. Similar reasons may also explain why our findings were similar to the rates of alcohol and marijuana use reported for the adult-onset population. 3, 4, 15 The prevalence of tobacco use, however, was somewhat higher in our subjects than that reported for the adultonset SCI population. 5, 16, 18 This is consistent with the trend in the general population where the rate of cigarette smoking is higher in younger individuals and decreases with increasing age. 6 This tendency may be accentuated in the SCI population in which the incidence of cardiovascular complications tends to rise with increasing age and duration of injury. 16 Logistic regression analyses indicated that having a college degree and being single were highly predictive of regular alcohol drinking in our study population. This is similar to the demographic profile for alcohol drinkers in the age-matched general population, which reflect higher levels of independence and social participation. 6 Similar findings have been reported for the adult-onset SCI population in which higher education and income levels were associated with regular and more frequent alcohol use. 15, 19 It is possible that our participants who obtained higher education levels and active employment status had utilized adaptive coping strategies in their path to adulthood, and thus were able to successfully integrate into their communities and participate in activities, which may involve social drinking. Tobacco use was significantly associated with unemployment and having depressive symptoms, and these findings replicate the relationship established between smoking and depression in the general population. 20 The relationship between depression and unemployment has been reported in a larger cohort of adults with pediatric-onset SCI 21 as well as in the adult-onset SCI population. 22 Considering the lower rate of employment of SCI individuals compared with the general population 23 and its association with depression, cigarette smoking is a health behavior that should be monitored closely in the younger SCI population who are entering the stage of pursuing social and financial independence as well experimenting in different lifestyles. 7 Marijuana use was associated only with not having a college degree after male gender dropped out of the regression model. This is similar to findings by Young et al. 4 where lower education levels in addition to higher perceived stress were associated with marijuana use in the adult-onset SCI population.
An interesting finding in our population was that the substance use was not associated with an increased incidence of medical complications. This is in contrast to the adult-onset SCI population in which all three substances have been associated with increased incidence of pressure ulcer, hospitalizations and pain. 16, 18, 24, 25 In our study, alcohol was the only substance that was significantly associated with any medical complications; regular alcohol drinkers had less incidence of urinary tract infection and chronic medical conditions, such as hypertension or diabetes, compared with the non-drinkers. The absence of such medical complications possibly allowed increased participation in social or recreational activities, which include drinking. As our study participants were younger and more likely in better physical health compared with the older SCI individuals, it is possible that the incidence of such complications was lower, and thus, a significant association with substance use could not have been established. However, as many SCI-related complications are known to develop with increasing duration of injury, change in patterns of substance use should be monitored in addition to the medical changes that occur over time.
Limitations
Several study limitations need to be considered when interpreting the results. Data were collected through self-report of substance use. Individuals may have underreported the use to provide perceived socially acceptable response; however, as rapport was well established and confidentially assured, we believe responses were accurate reflections of the sample. Also, abuse or misuse of substances was not assessed. Use of standardized measures such as the Alcohol Use Disorders Identification Test (AUDIT) 26 or Severity of Dependence Scale (SDS) 27 would have provided added information on alcohol and marijuana abuse, respectively. In addition, actual quantity of use for each substance was not assessed, from which more detailed relationships between substance use and demographic, psychosocial or medical outcomes could have been elicited. Another limitation is the representativeness of our study population. As all participants had previously received care from a single pediatric specialty hospital system and were mostly Caucasian (85%), our findings cannot be generalized to include those who received care at different facilities or those of other race, whose demographic characteristics and substance use patterns could have possibly led to different results. Finally, as this was a cross-sectional study, our findings are correlational and cannot determine a causal relationship between substance use and associated factors.
Conclusion
The prevalence of tobacco, alcohol and marijuana use were lower than the general population, but similar socio-demographic and outcome factors were predictive of use in our study population. Clinicians caring for children and adolescents with SCI should counsel patients and their caregivers regarding the use of substances and its potential associations with future outcomes. Further research is needed to determine longitudinal changes in substance use and abuse patterns in association with life changes, as well as to determine patterns of illicit drug use and misuse of prescription medications in this unique population of individuals with pediatric-onset SCI.
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